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INTRODUCTION
High-valent metal-oxo complexes have long been i n t e n s i v e l y s t u d i e d over t h e F a s t decades ( r e f s . 1 and 2 ) . oxidative c a t a l y s t s i n organic s y n t h e t i c r e a c t i o n s , b u t t h e i r chemistry i s s t i l l poorly understood. There i s a c l e a r need i n e s t a b l i s h i n g f a c t o r s governing t h e r e a c t i v i t i e s of M=O complexes towards hvdride a b s t r a c t i o n and 0x0-transfer r e a c t i o n s t o f a c i l i t a t e t h e f u t u r e desiqn of chemo-and r e q i o -s e l e c t i v e o x i d i z i n g agents. The 0x0 com.plexes of i r o n family a r e of ? a r t i c u l a r i n t e r e s t t o us. F i r s t l y , 0x0-iron s p e c i e s has long been p o s t u l a t e d as t h e a c t i v e intermediate i n t h e enzymatic r e a c t i o n s of cytochrome P-450, b u t i t s chemistry and a l s o t h a t of t h e ruthenium and osmium analogues a r e v i r t u a l l y unknown. Secondly, informations on t h e redox behaviourof Ru=O complexes a r e u s e f u l i n understanding t h e chemistry and r e a c t i v i t i e s of Ru04 and Ru02.XH20 ( r e f s . 3 and 4 ) , which have found u s e f u l a ? p l i c a t i o n s i n i n d u s t r i a l grocesses. ldacrocyclic t e r t i a r y amines, (L = 14-TMC, 15-TMC and 16-TMC) a r e known t o s t a b i l i z e t r a n s i t i o n a l metal ions i n unusual oxidation s t a t e s ( r e f s . 5 and 6). These ligands a r e chosen i n our work because t h e i r metal complexes a r e s t a b l e towards demetallation. They have t h e a d d i t i o n a l advantage o f being r e s i s t a n t towards oxidation and showing no low-energy charge-transfer bands i n t h e Uv-VIS region upon complexation t o t h e metal ions. These conglexes t h u s provide a b e t t e r ogportunity f o r t h e spectroscopic study of t h e e l e c t r o n i c t r a n s i t i o n s from t h e M=O u n i t . C l a s s i c a l o x i d a n t s , such a s Cr03 and Mn04 , a r e o f t e n emsloyed as 14aneN4 14-TMC 15-TMC 16-TMC S t r u c t u r e of Tetraaza-macrocycles.
DIHALOGENO MACROCYCLIC TERTIARY A M I N E COMPLEXES OF RUTHENIUM(1V) A N D O S M I U M ( I V )
Although t r a n~-[ M~~~( 1 4 a n e N~) C l~] + complexes ( M = Fe, Ru and 0 s ; 14aneN4 = 1 , 4 , 8 , 1 1 -t e t r aazacyclotetradecane) underqo i r r e v e r s i b l e oxidqtion e i t h e r chemically o r electrochemically, electrochemical o x i d a t i ( M = Ru, 0 s ; L = 14-TMC, 15-TMC and 16-TMC;
has been found t o be a simple and r e v e r s i b l e one-electron t r a n f e r nrocess ( r e f s . 7 and 8 i . Table 1 0.67 t r a n s -[Os (16-TMC) C l , ] + system. The generation of s t a b l e R u ( I V ) and O s ( 1 V ) comclexes containing no 0x0 ligand and having redox p o t e n t i a l s a s high a s 1.23 V (v. s . ferrocene/ferrocenium couple, Cp2Fe+lo) d e m o n s t r a t e s t h e unusual s t r u c t u r a l f e a t u r e of macrocyclic t e r t i a r y amines i n t h e s t a b i l i z a t i o n of highly oxidizing metal complexes. working e l e c t r o d e , u y r o f y t i c q r a p h i t e ; scan r a t e , 50mVs-l.
SYNTHESIS A N D PROPERTIES OF R U T H E N I U M A N D O S M I U M O X 0 COMPLEXES OF MACROCYCLIC TERTIARY A M l N E S
The generalized s y n t h e t i c methods l e a d i n g t o ruthenium and osmium 0x0 complexes of macrocyclic t e r t i a r y amines (L = 14-TMC, 15-TMC and 16-TMC) a r e o u t l i n e d a s follows ( r e f s . 7 -1 3 ) .
t r a n s -[0s1I1 (14-TMC) C12] + + H202 t r a n s -[Os (14-TMC)O21 t r a n s -[Osvl (14-TMC) 021 2+ + e-V -1. ov t r a n s -[Os (14-TMC)O21+
The s t r e t c h i n g frea_uencies [ V ( R u = O ) ] , bond d i s t a n c e s [d(Ru=O)l and magnetic p r o p e r t i e s (Lleff) of some ruthenium-TMC-oxo complexes a r e complied i n Table 2 ( r e f . 8 ) .
from Table 2 
of Gray and c~~w o r @ r s ( r e f . 1 4 ) . c a s e , these Ru=O bonds a r e a l l i n t h e range 1.70-1.765 A i n d i c a t i n g t h a t they a r e s h o r t and strong. Experimentally, t h e s e Ru-TMC-0x0 complexes a r e r e l a t i v e l y unreactive towards C=C bond b u t a r e s e l e c t i v e reagents f o r t h e oxidation of alcohol and a c t i v a t e d C-H bonds.
S e l e c t i v i t y has been observed f o r t h e r e a c t i o n between t h e trans- 021 (PF6) and cyclohexene where cyclohexenone was found t o be t h e only r e a c t i o n product. 
T~~~~-IRU'~(~~-TMC)O(CH~CN)I [PF6] Trans-[RU'~(~~-TMC)O(C~) I IC1041 T~~~S -[ R~~~(~~-T M C ) O ( N C O )
Trans-[RuIV(l5-TMC) 0 (N3) 1 [ClO,] 1.718 (5) 1.705 (7) 1.765 ( 5 ) 
REDOX PROPERTIES OF R U T H E N I U M A N D O S M I U M O X 0 COMPLEXES OF MACROCYCLIC TERTIARY A M I N E S
The electrochemical reductions of trans-dioxoruthenium(V1) complexes have been found t o be2+ solvent dependent.
(L = 14-TMC, 15-TMC and 16-TMC) and trans-[RuV(L)02] process, a s examplified by t h e c y c l i c voltammogram of t r a n s -[Ruvl (14-TMC)02] 2+ i n CH3CN (Fig. 2) . This behaviour i s i n s e n s i t i v e t o t h e n a t u r e of e l e c t r o d e s u r f a c e s . The reduction
I n a p r o t i c medium, t h e redox interconversion between t r a n s -[Ruvl ( L ) 02]
+ . v o t e n t i a l s of t r a n s -[Ruvl (L)021 2+ comnlexes a r e s m q a r i z e d i n Table 3 . t o be i n s e n s i t i v e t o t h e h o l e s i z e of these macrocycles (14-TMC V . S . 16-TMC). The c y c l i c voltammograms of t r a n s -[Ruvl (14-n.C) O21 2+ i n aqueous s o l u t i o n s a t pH=l.l and 11.0 a r e given i n Fig. 3a and 3b r e s n e c t i v e l y . A t nH = 1.0-7.6, t h e reduction of trans-[RuVI(14-TMC)-021 2+ t o t r a n s - . Working e l e c t r o d e , b a s a l nlane p y r o l y t i c g r a p h i t e ; scan r a t e , 50mVs-l.
A t higher pH (>7.6), t h i s Ru(VI)/Ru(IV) couple s p l i t s i n t o two one-electron redox couples, corresponding t o t h e following e l e c t r o d e r e a c t i o n s ,
As expected, t h e EL of r e a c t i o n s (1) and ( 3 ) decrease by 60 mV p e r u n i t i n c r e a s e i n pH whereas f o r r e a d t i o n (2), i t i s independent of ?H. 2The p l o t s of E+ values versus pH f o r t h e s e various couples of trans-[RuV1(14-TMC)O21
Unlike t h e Ru(VI)/Ru(V) cou?le i n a c e t o n i t r i l e , t h e n a t u r e of e l e c t r o d e s u r f a c e s has a Frofound e f f e c t on r e v e r s i b i l i t y of t h e ~~( V I ) / R U ( I V ) couple. r e a c t i o n s between t r a n s -[RuVI (14-TMC) 021 only w i t h edge-:lane and b a s a l plane p y r o l y t i c g r a p h i t e b u t n o t with g l a s s y carbon and platinum e l e c t r o d e s . Anson and co-workers ( r e f . 15) r e c e n t l y found t h a t t h e r e v e r s i b i l i t y of Ru=O/Ru-OHZ couple i n c r e a s e s through t h e use of quinone modified e l e c t r o d e . These workers argued t h a t t h e presence of phenolic groups on t h e e l e c t r o d e s u r f a c e should f a c i l i t a t e t h e a c i d c a t a l y s e d interconversion between Ru=O and Ru-OH2 complexes.
The mechanism f o r t h e acid-catalysed two-electron reduction of t r a n s -[Ruvl (14-TMC) 021 t r a n s -[RuIV(14-TMC) O ( O H 2 ) 1 2+ has a l s o been i n v e s t i g a t e d . of t r a n s -[Ruvl (14-TMC) 02] 2+ by an one-electron r e d u c t a n t , c i s -[ R U I I (NH3) 4 (bpy) 1 2+ (bpy = 2 , 3 ' -b i p y r i d i n e ) i s independent of pH ( r e f . 1 6 ) .
(14-TMC) 021 2+ remains ,?redominantly i n t h e deprotonated form even i n a c i d s o l u t i o n s with an unfavourable equilibrium constant f o r t h e followinq r e a c t i o n ,
2+ to
A t pH = 1 -7 , t h e r a t e of reduction
This seems t o suggest t h a t trans-[RuV1-

t
t r a n s -[Ruvl (14-T?lC)021 2+ + H+ t r a n s -[Ruvl (14-TMC) (OH) ( 0 ) ]
The reduced Froduct, t r a n s -[RuV(14-TMC)0 I + , has been found t o undergo r a p i d disproportiona t i o n probably through t h e following pat<ways,
The r a t e of d i s p r o p r t i o n a t i o n h s been foun t o obey t h e following r a t e law. Rate r e s p e c t i v e l y a t 25OC an8. 0.1 M i o n i c s t r e n g t h ( r e f . 12).
The redox chemistry of t r a n s -[Osvl I n aqueous medium, t h e e l e c t r o c h e m i c a l r e d u c t i o n of t r a n s -[Osvl (14-TMC)021 2+ t o t r a n s -[OslI1 (14-TMC) (OH) (OH2) 1 2+ a t p y r o l y t i c gra.phite i s a r e v e r s i b l e (1 /i Ql,
A E~ = 20-30 mV) three-,?roton t h r e e -e l e c t r o n t r a n s f e r p The redox chemistry of iron-oxo complexes s t i l l remains unknown.
Given t h a t t h e r e d u c t i o n u o t e n t i a l s of trans-dioxoruthenium(V1) system can be tuned down t o 0.66 V (v.s. S.C.E.) with t h e use macrocyclic t e r t i a r y m i n e l i g a n d s , i t i s a n t i c i p a t e d t h a t thermodynamically s t a b l e 0x0-iron complexes can be obtained w i t h t h e appro-priate choice of l i 7 a n d s . problem on t h e s y n t h e t i c chemistry of iron-oxo complexes p r o b a b i l i t y l i e s on t h e i n s t a b i l i t y of t h e i r o n comuounds toward d e m e t a l l a t i o n . Recent work by Grove and co-workers ( r e f s . 18 and 19) on [FeIV(TMP)01 (H TMP = t e t r a m e s i t y l p o r p h y r i n ) showed t h a t t h e o x i d a t i o n chemistry of 0x0-iron s p e c i e s could 2e as r i c h as i t s ruthenium and osmium analogues.
